The biennial review of atomic-weight determinations and other cognate data has resulted in changes for the standard atomic weights of five elements. The atomic weight of bromine has changed from 79.904(1) to the interval [79.901, 79.907], germanium from 72.63(1) to 72.630(8), indium from 114.818(3) to 114.818(1), magnesium from 24.3050(6) to the interval [24.304, 24.307], and mercury from 200.59(2) to 200.592(3). For bromine and magnesium, assignment of intervals for the new standard atomic weights reflects the common occurrence of variations in the atomic weights of those elements in normal terrestrial materials.
INTRODUCTION
Comprehensive tables of recommended atomic-weight values for use in science, industry, and commerce began with F. W. Clarke's publication of his recalculation of the atomic weights in 1882. In 1892, the American Chemical Society appointed Clarke as a permanent one-man committee to report on a standard table of atomic weights for acceptance by the society, and he reported annually from 1893 until 1913, when he asked to be relieved of this responsibility. In 1897, the Deutsche Chemische Gesellschaft appointed a working committee to report on atomic weights. They published reports on best values and also issued an invitation to other chemistry organizations to appoint delegates to an international committee for atomic weights. The international committee's first report for 1901 was published in Chemische Berichte in 1902, and this committee continued to report annually until 1921. This committee joined the International Association of Chemical Societies in September 1913, until it was dissolved in 1919. The committee then joined the International Union of Pure and Applied Chemistry (IUPAC) in June 1920. IUPAC published the new committee's first table of atomic weights in 1925. After reorganization, the international committee began to publish annual reports in 1931 [1] .
Atomic-weight values originally were considered to be constants of nature and, as such, did not have any associated uncertainties. However, in the 1951 report, the committee added a footnote to sulfur indicating that a variation factor (0.003) should be attached to its atomic-weight value to account for atomic-weight variations in naturally occurring sources of sulfur. In 1961, the committee added footnotes to account for variations in atomic weights in naturally occurring sources of a number of elements, as well as experimental measurement uncertainties. By 1967, IUPAC's Commission on Atomic Weights, as it was known then, recognized that the standard atomic-weight uncertainties of some elements (H, B, C, O, Si, S, and Cu) could not be reduced because of variations in the mole fractions of their isotopes in normal materials [2] , including some chemical reagents [3] . By a "normal" material, the IUPAC Commission on Isotopic Abundances and Atomic Weights (hereafter termed the Commission) means material from a terrestrial source that satisfies the following criteria:
"The material is a reasonably possible source for this element or its compounds in commerce, for industry or science; the material is not itself studied for some extraordinary anomaly and its isotopic composition has not been modified significantly in a geologically brief period." [4, 5] With improvements in analytical instrumentation during the last three decades, the number of elements with two or more isotopes with documented variations in atomic-weight values in normal materials that exceed the uncertainty of the atomic weight determined from a best measurement of isotopic abundances grew to 18 elements in the 2007 Table of Standard Atomic Weights [6] . These elements were given footnote "r" in the IUPAC Table of Standard Atomic Weights to indicate that a range in isotopic composition of normal material prevents a more precise standard-atomic-weight value from being given. Until the publication of the 2009 Table of Standard Atomic Weights, the Commission provided a single atomic-weight value for each element (with at least one stable isotope) along with an estimated symmetrical and expanded uncertainty. These uncertainties were always estimated by the Commission through evaluation of all the relevant published literature such that any user of the atomic-weight data would, with high probability, find the atomic weight of any element in any normal sample to be in the range indicated by the uncertainty for the recommended standard atomic weight. These values thus correspond to expanded uncertainties as now defined by the International Organization for Standards (ISO) [7] , and they are generally consistent with those calculated by orthodox statistical procedures from the isotopic abundances listed in column 9 of the Table of Isotopic Composition of the Elements [8] . Beginning with the 2009 Table of Standard Atomic Weights [9] , the Commission highlighted the existence of atomic-weight variations for some elements by reporting atomic-weight intervals rather than single values with expanded uncertainties. The upper and lower bounds of the atomic-weight interval for a given element define the interval within which the atomic-weight value for any given sample of normal material may be found (see Section 1.4). Periodically, the history of the standard atomic-weight value of each element is reviewed, emphasizing the relevant published scientific evidence upon which decisions were based [4, 5, 10, 11] .
Most recently, the Commission met at the University of Calgary, Canada under the chairmanship of Dr. W. A. Brand from 27 to 28 July 2011, prior to the 46 th IUPAC General Assembly in San Juan, Puerto Rico. At this meeting, the Commission reviewed recommendations of its Subcommittee on Isotopic Abundance Measurements (SIAM), suggesting changes in the standard atomic weights of some elements based on review of published data.
Atomic weight of an element
The atomic mass, m a , of an unbound neutral atom of carbon-12, m a ( 12 C), in its nuclear and electronic ground states is 12 u exactly, where u is the unified atomic mass unit. The atomic weight (also called the relative atomic mass) of isotope i E of element E, symbol A r ( i E), in material P is Thus, the atomic mass of 12 C is 12 u, and the atomic weight of 12 C is 12 exactly. All other atomic weight values are ratios to the 12 C standard value and thus are dimensionless numbers. The atomic weight of element E, A r (E), in a material P is determined from the relation
where x( i E) P is the mole fraction of isotope i E in material P (also called the isotopic abundance). The summation is over all stable isotopes of the element plus selected radioactive isotopes (having relatively long half-lives and characteristic terrestrial isotopic compositions) of the element.
The atomic weight, A r (E), of element E in a material can be determined from knowledge of the atomic masses of the isotopes of that element and the corresponding mole fractions of the isotopes of that element in the material. In contrast to the atomic weight of an element in any given material, the standard atomic weight is a quantity that represents the atomic weights of an element in normal terrestrial materials and, therefore, must be given with larger uncertainty for some elements than the measured atomic weight in any given material. Isotopes contributing to the determination of the atomic weight of an element include (1) all stable isotopes (not known to be radioactive), of which there are 256, and (2) selected radioactive isotopes that have relatively long half-lives and characteristic terrestrial isotopic compositions, of which there are 32. A radioactive isotope of an element is said to have a characteristic terrestrial isotopic composition [12] if it contributes significantly and reproducibly to the determination of the standard atomic weight of the element in normal materials. There are 19 elements that have only one stable isotope (Be, F, Na, Al, P, Sc, Mn, Co, As, Y, Nb, Rh, I, Cs, Pr, Tb, Ho, Tm, and Au). The standard atomic weight of each of these elements is derived from the atomic mass of its single stable isotope with expansion of the reported atomic-mass uncertainty to minimize future changes in the atomic weights. For elements in normal materials with no stable isotope or with no radioactive isotope with a characteristic terrestrial isotopic composition, no standard atomic weight can be determined and no value is provided in the Table of Standard Atomic Weights for these elements. The majority of the elements have two or more stable isotopes, in which case the atomic weight of an element in a material is the abundance-weighted sum of the atomic masses of its isotopes. Atomic weights of the elements 2011 1049
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"Best measurement" of the isotopic abundances of an element
For several decades, the isotopic abundances of many elements with two or more stable isotopes have been measured with increasing accuracy (decreasing measurement uncertainty) by means of mass spectrometry. As a result, the uncertainty in atomic-weight measurements, U[A r (E)], has improved substantially. The Commission regularly evaluates reports of isotopic abundances to select the "best measurement" of the isotopic abundances of an element in a specified material. The best measurement is defined as a set of analyses of the isotope-amount ratio or isotope-number ratio of an element in a well-characterized, representative material with small combined uncertainty. To be considered by the Commission for evaluation, reports must be published in peer-reviewed literature, and the results should be given with sufficient detail so that the Commission can reconstruct the uncertainty budget in its various components, including sample preparation, analysis of isotope-amount or isotope-number ratios, and data handling. Criteria used to evaluate a "best measurement" include:
1.
The extent to which measurement uncertainties of random and systematic nature have been assessed and documented in the report. The Commission seeks evidence that mass-spectrometer linearity, mass-spectrometric fractionation of ions of varying masses, memory, baseline, interferences among ions, sample purity and preparation effects, and statistical assessment of data were carried out properly. Preference is given to measurements that are fully calibrated with synthetic mixtures of isotopes of the element of interest, covering the isotopic-abundance variations of normal materials over the interval of the masses of the isotopes in the material being analyzed.
2.
The relevance and availability of the analyzed material for the scientific community involved in isotopic measurements and calibrations. Preference is given to analyses of chemically stable materials that are distributed internationally as isotopic reference materials by national or international measurement institutes, or to isotopically unfractionated representatives of homogeneous terrestrial materials.
The Commission has determined that new, calibrated isotopic-composition measurements could improve substantially the standard atomic-weight values of a number of elements that have relatively large uncertainties. Such elements include Gd, Hf, Pd, and Sm.
Categorization of elements by their atomic-weight and isotopic-composition variations
Because variation in isotopic composition of an element impacts its atomic weight, the Commission has undertaken assessments of variations of isotopic compositions in the published literature, both through its former Subcommittee on Natural Isotopic Fractionation and through subsequent IUPAC projects.
All known elements can be categorized according to the following constraints on their standard atomic weights:
1.
Elements with no stable isotope and with no radioactive isotope having a characteristic terrestrial isotopic composition in normal materials (e.g., radon). No standard atomic weight can be determined, and no value is provided in the Table of Standard Atomic weights for these elements.
5.
Elements with two or more isotopes having known variations in atomic weight in normal materials that exceed the uncertainty of the atomic weight derived from a best measurement of isotopic abundances, but not yet assigned an atomic-weight interval by the Commission (e.g., copper). 6.
Elements with two or more isotopes having known variations in atomic weight in normal materials that exceed the uncertainty of the atomic weight derived from a best measurement of isotopic abundances and having upper and lower atomic-weight bounds determined by the Commission from evaluated, peer-reviewed, published data (e.g., carbon) (Fig. 1) .
Elements in category 3 may enter category 4 as more accurate isotopic-abundance measurements are published. Similarly, elements in category 4 can advance to category 5 as best-measurement results improve. Elements in category 5 can advance to category 6 as the Commission completes evaluations and assigns intervals. The Commission uses the footnote "r" to identify elements in category 5 for which the standard-atomic-weight uncertainty has been expanded to account for known atomic-weight variability. Graphical plots of isotopic-abundance variation and atomic-weight variation were published previously for 15 such elements: H, Li, B, C, N, O, Mg, Si, S, Cl, Ca, Cr, Fe, Cu, and Tl [16, 17] . The Commission uses the footnote "g" to identify chemical elements for which the recommended standard atomic weight and its associated uncertainty do not include all known variations. For example, some elements are anomalously enriched in fissionogenic or nucleogenic isotopes at the Oklo natural nuclear reactor site in Gabon, Africa, and their atomic weights in those materials are not included in the determination of the standard atomic weight. For elements in category 3 to 6 elements, the Commission uses the footnote "m" to identify those for which the standard atomic weight and its associated uncertainty in commercially available material do not include variations due to undisclosed or inadvertent isotopic fractionation. Minor periodic changes to the standard-atomic-weight values and uncertainties result from improved measurements of the atomic masses, and these changes primarily affect category 2 elements.
Atomic-weight intervals
Atomic weights calculated from published variations in isotopic compositions for some elements can span relatively large intervals. For example, the atomic weight of carbon in normal materials spans the interval from 12.0096 to 12.0116 ( Fig. 1) , whereas the uncertainty of the atomic weight calculated from the best measurement of the isotopic abundance of carbon is approximately 30 times smaller [8, 18] ; A r (C) = 12.011 09 (3) . The span of atomic-weight values in normal materials is termed the interval. The interval [a, b] is the set of values x for which a ≤ x ≤ b, where b > a and where a and b are the lower and upper bounds, respectively [19] . Neither the upper nor lower bounds have any uncertainty associated with them; each is a considered decision by the Commission based on professional evaluation and judgment. Writing the standard atomic weight of carbon as " [12.0096, 12 .0116]" indicates that its atomic weight in any normal material will be greater than or equal to 12.0096 and will be less than or equal to 12.0116. Thus, the atomic-weight interval is said to encompass atomic-weight values of all normal materials. The range of an interval is the difference between b and a, that is, b -a [19] ; thus, the range of the atomic-weight interval of carbon is calculated as 12.0116 -12.0096 = 0.0020. The interval designation does not imply any statistical distribution of atomic-weight values between the lower and upper bounds (e.g., the mean of a and b is not necessarily the most likely value). Similarly, the interval does not convey a simple statistical representation of uncertainty. In the 2009 The lower bound of an atomic-weight interval is determined from the lowest atomic weight determined by the Commission's evaluations, and it takes into account the uncertainty of the measurement. Commonly, an isotope-delta measurement is the basis for the determination of the bound [15, 16] . In Fig. 1 Variation in atomic weight with isotopic composition of selected carbon-bearing materials (modified from [16, 17] ). Isotopic reference materials are designated by solid black circles. The 2009 standard atomic weight of carbon is expressed as an interval [12.0096, 12 .0116] [9] . The previous (2007) standard atomic weight of carbon [6] was 12.0107 (8) . The atomic-weight uncertainty of the "best measurement" of isotopic abundance [16, 17] is approximately ±0.000 027, which is about 30 times smaller than the uncertainty of the 2007 standard atomic weight [6] .
addition to the uncertainty in the isotope-delta value [20] , the uncertainty in the atomic weight of the material anchoring the isotope-delta scale also must be taken into account. The latter is the uncertainty in relating a delta scale to an atomic-weight scale [16, 17] . If material P is the normal material having the lowest atomic weight of element E, then
where U[A r (E)] P is the combined uncertainty that incorporates the uncertainty in the measurement of the delta value of material P and the uncertainty in relating the delta-value scale to the atomic-weight scale. For example, consider the lower bound for carbon. The material with the lowest measured 13 C abundance is crocetane (2,6,11,15-tetramethylhexadecane), produced at cold seeps of the eastern Aleutian subduction zone [21] . For this material, A r (C) = 12.009 662, where the atomic weight is determined from an isotope-delta value [16, 17] . The uncertainty of the delta measurement is equivalent to an uncertainty in the atomic weight of 0.000 003. The uncertainty in relating the carbon-delta scale to its atomic-weight scale corresponds to an atomic-weight uncertainty of 0.000 027. Therefore, the combined uncertainty in the lowest atomic-weight value of carbon is U[A r (E)] P = (0.000 003 2 + 0.000 027 2 ) 1/2 = 0.000 027 and the lower bound = 12.009 662 -0.000 027 = 12.009 635.
The upper bound is calculated in an equivalent manner except that the combined uncertainty is added to the atomic-weight value of the material P with the highest measured atomic weight.
For the example of carbon, the material with the highest 13 C-abundance fraction is deep-sea pore water, and it has an atomic-weight value of 12.011 505. The component of uncertainty in the atomic-weight value of this material attributed to the uncertainty in the delta-value determination is 0.000 003. As with the lower bound, the uncertainty in relating the carbon-delta scale to its atomic-weight scale results in an atomic-weight uncertainty of 0.000 027. Thus, the upper bound = 12.011 505 + (0.000 003 2 + 0.000 027 2 ) 1/2 = 12.011 532.
The uncertainties of the delta measurements and the uncertainty of the atomic weight derived from the best measurement of isotopic abundances constrain the number of significant digits in the atomic-weight values of the upper and lower bounds. For carbon, the fifth digit after the decimal point is uncertain because of the uncertainty value of 0.000 027. Therefore, the number of significant digits in the atomic-weight value is reduced to four figures after the decimal point. The Commission may recommend additional conservatism and reduce the number of significant figures further. For the lower bound of carbon, 12.009 635 is truncated to 12.0096. For an upper bound, the trailing digit is increased to ensure the atomic-weight interval encompasses the atomic-weight values of all normal materials. In the case of carbon, the upper bound is adjusted from 12.011 532 to 12.0116 to express four digits after the decimal point. The lower and upper bounds are evaluated so that the number of significant digits in each is identical. If a value ends with a zero, it may need to be included in the value to express the required number of digits. The following are examples of lower and upper atomic-weight bounds for oxygen that could be published by the Commission in its various tables. where a and b are the lower and upper bounds, respectively. 6. The lower and upper bounds commonly are determined from the lowest and highest isotope-delta values of normal materials, taking into account uncertainties of the isotope-delta measurements and uncertainty in relating the isotope-delta scale to the atomic-weight scale of an element. 7. Both lower and upper bounds are consensus values, and neither has any uncertainty associated with it. 8. The number of significant digits in the lower and upper bounds are adjusted so that uncertainty in either of the isotope-delta measurements or in the uncertainty relating the delta scale to the atomic-weight scale do not impact the lower and upper bounds. 9. The number of significant digits in the lower and upper bounds should be identical. A zero as a trailing digit in a value may be needed and is acceptable. 10. The atomic-weight interval is selected conservatively so that changes in the Table of Standard Atomic Weights are needed infrequently. 11. The atomic-weight interval is given as precisely as possible and should have as many digits as possible, consistent with the previously stated rules.
Values of atomic-weight intervals are updated in the Table of Standard Atomic Weights by the
Commission following completion of an IUPAC project reviewing the published literature for peer-reviewed, isotopic-abundance data. 13. If the standard-atomic-weight uncertainty for an element has been expanded because of reported variation in isotopic composition in normal materials, but the Commission has not assigned an interval, a footnote "r" is retained in the Table of Standard Atomic Weights until the Commission completes an evaluation and determines lower and upper bounds from published data.
TABLES OF STANDARD ATOMIC WEIGHTS IN ALPHABETIC AND ATOMIC-NUMBER ORDER
The Table of Standard Atomic Weights 2011 is given in alphabetical order of the English names in Table 1 and in order of atomic number in Table 2 . The standard atomic weights reported in Tables 1 and  2 are for atoms in their nuclear and electronic ground states. With minor exceptions covered by footnotes, the [6] .
For elements within categories 2 to 5 (see Section 1.4 for category descriptions), a decisional uncertainty, U[A r (E)], is given in parentheses following the last significant figure to which it is attributed. The interval A r (E) -U[A r (E)] to A r (E) + U[A r (E)] may be expected to encompass atomic-weight values of normal materials.
M. E. WIESER et al. Table 3 with the appropriate relative atomic mass and half-life. However, four such elements (Bi, Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these elements, standard atomic weights are tabulated. g Geological materials are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such materials and that given in the table may exceed the stated uncertainty. m Modified isotopic compositions may be found in commercially available material because the material has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r Range in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value and uncertainty should be applicable to normal material.
For each element for which a change in the standard atomic weight is recommended, the Commission by custom makes a statement on the reason for the change and includes a list of recommended values over a period in excess of the last 100 years, which are taken from [22] Provisional names and symbols given in Tables 1 and 2 for elements with atomic numbers 113 to 118 are systematic and based on the atomic numbers of the elements as recommended by the IUPAC publication Nomenclature of Inorganic Chemistry [24] . Each systematic name and symbol will be replaced by a permanent name approved by IUPAC after the priority of discovery is established and the name suggested by the discoverers is examined, reviewed, and accepted. The systematic name is derived directly from the atomic number of the element using the following numerical roots: 1 un 2 bi 3 tri 4 quad 5 pent 6 hex 7 sept 8 oct 9 enn 0 nil
The roots are combined in the order of the digits that make up the atomic number and terminated by "ium" to spell out the name. The final "n" of "enn" is deleted when occurring before "nil", and the "i" of "bi" and of "tri" is deleted when occurring before "ium".
COMMENTS ON ATOMIC WEIGHTS AND ANNOTATIONS OF SELECTED ELEMENTS
Brief descriptions of the changes to the standard atomic weights resulting from the Commission meeting in 2011 are provided below.
Bromine
The Commission has changed the recommended value for the standard atomic weight of bromine, A r (Br), from 79.904(1) to the atomic-weight interval [79.901, 79.907] based on an evaluation of the effect of variation in isotopic abundances in normal materials upon the atomic weight of bromine. This change is intended to emphasize the fact that the atomic weight of bromine is not a constant of nature, but depends upon the source of the material (Fig. 2) . The standard atomic weight was determined by combining (1) the best calibrated isotope-ratio measurement of bromine in SRM977 NaBr isotopic reference material [25, 26] , formerly known as NBS106 [25] , (2) the relative isotope-ratio difference between SRM977 and bromide in ocean water [27] , and (3) the relative isotope-ratio differences between other materials and ocean-water bromide [2, 28] . Bromide in ocean water is isotopically homogeneous and serves as the international measurement standard for bromine [26] , standard mean ocean bromide (SMOB). Bromine relative isotope-ratio differences, also called bromine isotope delta values, have been reported with the symbol δ 81 Br [26] [27] [28] and are defined by the relation [20] where N( 81 Br) P and N( 79 Br) P are the numbers of atoms of the two isotopes 81 Br and 79 Br in material P and equivalent parameters follow for bromine in SMOB. The minimum and maximum δ 81 Br values of saline waters and salt deposits (Fig. 1) are -0.8 and +3.35 ‰ relative to SMOB [27] . The minimum and maximum δ 81 Br values of brominated organic compounds (Fig. 2) are -4.3 and +0.2 ‰ relative to SMOB [28] . The minimum and maximum δ 81 Br values of elemental bromine (Fig. 1) , calculated from isotope-ratio measurements of [25] , are -0.84 and +0.36 ‰ relative to SMOB, but measurement uncertainties were sufficiently large that isotopic abundance variations were not conclusively demonstrated [25] . The lower bound of the standard atomic weight corresponds to bromine in a brominated benzene reagent [28] , and the upper bound corresponds to dissolved bromide in saline groundwater from Siberia [27] . The previous standard atomic-weight value A r (Br) = 79.904(1), recommended by the Commission in 1965 and published in "Atomic weights of the elements 1967" [2] , was based on the measurements 
Germanium
The Commission has changed the recommended value for the standard atomic weight of germanium, A r (Ge), from 72.63(1) to 72.630(8) based on an evaluation published by Yang and Meija [29] . A loglinear regression mass-bias correction using NIST SRM 994 gallium isotopic reference material enabled an improvement in the uncertainty of the atomic-weight value compared to the previous value of A r (Ge) = 72.63 (1), assigned by the Commission in 2009 [9] . Historical values of A r (Ge) include [22] 
Indium
The Commission has changed the recommended value for the standard atomic weight of indium, A r (In), from 114.818(3) to 114.818(1) based on a partially calibrated mass-spectrometric measurement by Yang et al. [30] . The authors employed a novel approach, which enables the comparison of isotopic compositions between elements, in this case to combine the measurements of the isotopic compositions of silver and indium along with the silver isotopic composition of NIST SRM 978a. Although the comparison of isotopic compositions of elements is common in science, it usually invokes the assumption that both elements have the same behavior in mass spectrometry, an assumption that is known to be 
Magnesium
The Commission has changed the recommended value for the standard atomic weight of magnesium, A r (Mg), from 24.3050(6) to the atomic-weight interval [24.304, 24 .307] based on an evaluation of the effect of variation in isotopic abundances in normal materials upon the atomic weight of magnesium. This change is intended to emphasize the fact that the atomic weight of magnesium is not a constant of nature, but depends upon the source of the material (Fig. 3) . The standard atomic weight was determined by combining (1) the best calibrated isotope-ratio measurement of magnesium in DSM3 isotopic reference material [31] , a mono-elemental nitric solution of magnesium, and (2) the relative isotoperatio differences between other magnesium-bearing materials and DSM3 [32] [33] [34] [35] [36] [37] [38] . Bizzarro et al. [31] are to be congratulated for their high-precision isotopic abundance measurement of DSM3 using a double spike for correction of instrumental bias and high-resolution multicollector inductively coupled plasma-mass spectrometry. Their measurement has been accepted as a "best measurement" of isotopic abundance. The isotope ratios recommended for acceptance as a Magnesium relative isotope-ratio differences, also called magnesium isotope-delta values, have been reported with the symbol δ 26 Mg [31] [32] [33] [34] [35] [36] [37] [38] and are defined by the relation [28] where N( 26 Mg) P and N( 24 Mg) P are the numbers of atoms of the two isotopes 26 Mg and 24 Mg in material P and equivalent parameters follow for magnesium in the standard (Std). Many of the δ 26 Mg measurements reported herein were made using DSM3 as the standard. However, the Commission does not recommend DSM3 as an international measurement standard for δ 26 Mg measurements because a supply for the next 5-10 years is not readily available to laboratories worldwide.
The lower bound of the standard atomic weight corresponds to magnesium in planktonic foraminifer (Globigerinoides sacculifer) having a δ 26 Mg value of -5.57 ‰ relative to DSM3 [32] . The upper bound of the standard atomic weight corresponds to magnesium in a specimen of olivine having a δ 26 Mg value of +1.03 ‰ relative to DSM3 [33] . The previous standard atomic-weight value A r (Mg) = 24.3050(6), recommended by the Commission in 1985 and published in "Atomic weights of the elements 1967" [2] , was based on the "absolute" isotopic abundance measurements of Catanzaro et al. [39] , and Catanzaro and Murphy [40] found no evidence for variations in isotopic abundance in normal materials. Previous historical values of A r (Mg) include [20] : 1882, 24.01; 1894, 24.3; 1896, 24.29; 1897, 24.28; 1900, 24.3; 1903, 24.36; 1909, 24.32; 1961, 24.312; 1967, 24.305; 1969, 24. 
Mercury
The Commission has changed the recommended value for the standard atomic weight of mercury, A r (Hg), from 200.59(2) to 200.592(3) based on new measurements and an evaluation of the effect of the variation in isotopic abundance in normal materials by Meija and co-workers [41] . Measurements were made using a multicollector inductively coupled plasma-mass spectrometer using NIST SRM997 thallium isotopic reference material for mass-bias correction, and the investigation followed an approach similar to that used in the determination of the atomic weight of indium. The authors accounted for the difference in mass bias between thallium and mercury. The uncertainty of this new recommended value for the standard atomic weight includes the uncertainty of the standard atomic weight of thallium reported by IUPAC. Although variations in the isotopic composition of mercury have been demonstrated, those variations are too small to affect the determination of the standard atomic weight significantly. The previous standard atomic-weight value, A r (Hg) = 200.59(2), recommended in 1989, was based on a determination of a nonreference material by Zadnik et al. [42] . Historical values for A r (Hg)
M. E. WIESER et al. Data for water are from [36] [37] [38] . Data for carbonates are from [32] . Data for igneous and metamorphic rocks are from [33, 34] . Data for organic matter are from [37, 38] . Data for elemental magnesium are from [35] . Isotopic reference material is designated by solid black circles. The isotopic reference material SRM 980 elemental magnesium is not shown because it is isotopically inhomogeneous [31] . The previous (1985 to 2009) standard atomic weight of magnesium was 24.3050 (6) . The atomic-weight uncertainty of the best measurement of isotopic abundance [31] is approximately ±0.000 24, which is about 40 % that of the uncertainty of the 2009 standard atomic weight [8] and 12 times smaller than the 2011 standard-atomic-weight interval. The δ 26 Mg scale and the 26 Mg mole-fraction scale were matched using data from [31] , and the uncertainty in placement of the atomic-weight scale and the 26 Mg mole-fraction scale relative to the δ 26 Mg scale is equivalent to 1.1 ‰.
include [22] 
RELATIVE ATOMIC-MASS VALUES AND HALF-LIVES OF SELECTED RADIOACTIVE ISOTOPES
Half-lives and relative atomic mass values have been compiled for selected radioactive isotopes and are summarized in Table 3 . Long-lived radioactive isotopes of elements with a characteristic terrestrial isotopic composition that contribute to the standard atomic weight determinations are marked with the symbol ( †) in the table. Selected radioactive isotopes for elements with no stable isotopes, with no characteristic terrestrial isotopic composition and with no standard atomic weight are presented without this symbol. "important". Various criteria such as "longest half-life", "production in quantity", and "used commercially" have been applied in the past. The Commission has no official responsibility for the dissemination of atomic masses or radioactive half-lives. The information contained in this table will enable the user to calculate atomic weights of radioactive materials with a variety of isotopic compositions. The atomic mass values listed are considered to be accurate to ±1 in the last digit quoted and are taken from the 2012 atomic mass table [43] . The half-life values quoted can be considered accurate at the one standard deviation level and are taken from the "Table of the Isotopes" of the CRC Handbook of Chemistry and Physics and its updates [44] .
ABRIDGED TABLES OF STANDARD ATOMIC WEIGHTS
The detail and number of significant digits reported in the full Table of Standard Atomic Weights (Tables 1 and 2 ) exceeds the needs and the interests of many users. Tables abridged to four or five significant digits are published with the expectation that subsequent changes to the abridged values will be minimal. Standard atomic weights abridged to four and five significant digits are presented in Tables 4  and 5 , respectively. Users seeking an atomic-weight value that is not an interval, such as for trade and commerce, can refer to a conventional atomic-weight value in Section 6. The atomic weights of many elements are not invariant, but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant digit to which they are attributed) apply to elements from normal materials. The last significant figure of each tabulated value is considered reliable to ±1 except when a larger single digit uncertainty is inserted in parentheses following the atomic weight. For 12 of these elements, the standard atomic weight is given as an atomicweight interval with the symbol Table  3 with the appropriate relative atomic mass and half-life. However, four such elements (Bi, Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these elements, standard atomic weights are tabulated. # Values may differ from the atomic weights of the relevant elements in some normal materials because of a variation in the isotopic abundances of the element's stable isotopes. The atomic weights of many elements are not invariant, but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant digit to which they are attributed) apply to elements from normal materials. The last significant figure of each tabulated value is considered reliable to ±1 except when a larger single digit uncertainty is inserted in parentheses following the atomic weight. Table 3 with the appropriate relative atomic mass and half-life. However, four such elements (Bi, Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these elements, standard atomic weight values are tabulated. g Geological materials are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such materials and that given in the table may exceed the stated uncertainty. m Modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r Range in isotopic composition of normal material prevents a more precise A r (E) being given; the tabulated A r (E) value and uncertainty should be applicable to normal material.
CONVENTIONAL ATOMIC-WEIGHT VALUES FOR SELECTED ELEMENTS
The Commission recognizes that some users of atomic-weight data only need representative values. Therefore, for those elements with standard atomic weights given as intervals, the Commission provides conventional atomic-weight values (Table 6 ). These conventional quantity values have no uncertainty values associated with them. They have been selected so that most or all atomic-weight variation in normal materials is covered in an interval of plus or minus one in the last digit. [45] . The goal of this IUPAC-sponsored project is to produce learner-oriented materials on an interactive periodic table to emphasize the existence of isotopes, the role of isotopic abundances in the determination of atomic weights, and applications in science and industry. The IUPAC Periodic Table of the Isotopes produced by members of the task group, shown in Fig. 4 , employs colored tiles to distinguish among four categories of the elements: (a) element with two or more isotopes that are used to determine the standard atomic weight, which varies in normal materials and is represented with an interval; (b) element with two or more isotopes with variable isotopic abundances that are used to determine the standard atomic weight, but the upper and lower bounds of the standard atomic weight have not been assigned by IUPAC or the variations may be too small to affect the atomic-weight value; (c) element with only one isotope that is used to determine the standard atomic weight; and (d) element with no standard atomic weight because all of its isotopes are radioactive and no isotope occurs with a characteristic terrestrial isotopic composition in normal materials. Table of the Isotopes. This is a revised and updated version [46] of the figure originally presented in ref. [47] .
